This paper studies the problem of designing a rational Bézier developable surface pencil with a common isogeodesic, and provides an algorithm for the representation of complicated geometric models in industrial applications which need to satisfy that the shape surface can be developed and a given curve is geodesic. By employing the local Frenet orthonormal frame, the explicit expression of the rational Bézier developable surface pencil is derived. Furthermore, the order of the rational Bézier developable surface pencil interpolating a planar or non-planar curve as its geodesic is discussed. The formulae of the control net vertices for the derived surface are presented. Finally, the effectiveness and correctness of the algorithm are verified by examples of the rational Bézier developable surface pencil through a degree 2 or 3 Bézier curve as a common geodesic.
Introduction
Developable surfaces, as one of the most important types of surface in differential geometry, are a subset of ruled surfaces whose tangent planes are the same along every generatrix. They can be unfolded onto a plane without stretching and tearing, which is well known as the developability. Hence, developable surfaces are widely used in the manufacture of 3D objects, such as fabrication of apparels [1, 2] and automobile components [3] . The construction of developable surfaces has always been an important research field in CAD, for which a mass of results have been presented. Fernández-Jambrina [4] derived an algorithm for constructing B-spline control nets for spline developable surfaces of arbitrary degree and number of pieces; using the de Casteljaus algorithm, Aumann et al. [5] [6] [7] constructed Bézier developable patches through a Bézier boundary; for the construction of developable surfaces interpolating two given space curves defining a strip, Chu [8] [9] [10] [11] [12] , Wang [1, 13, 14] and their cooperators carried out very detailed studies and proposed some algorithms for designing low degree Bézier developable patches.
A Geodesic, as one of the most important intrinsic geometric properties of a surface, is the local shortest path connecting two points on a surface so that it is widely used in industrial applications such as tent manufacturing [15] [16] , fabrication of apparels [17] , recognition for deformed surface [18] , Detect Community in Social Networks [19] . Therefore, there obviously exist practical needs to study an algorithm for constructing developable surfaces through potential isogeodesics. In recent years, these kinds of study are concentrated in constructing developable surfaces interpolating one geodesic. Zhao and Wang [20] designed a general parametric developable surface pencil through a given curve as its common geodesic; Li et al. [21] derived an algorithm for creating the general parametric developable surfaces through a given low degree Bézier curve as its geodesic. However, the algorithm for designing rational Bézier developable surfaces through Bézier curves as geodesics has not been presented yet, and it is well known that the kind of rational Bézier surfaces, which takes a dominant position in CAD system, is used more widely than the general parametric surface. Since the recent algorithms cannot meet the practical needs of expressing the modern large-scale industrial complex geometric models, it is urgent to present an algorithm of designing a rational Bézier developable surface pencil through a given Bézier curve as its common geodesic, for which this paper will go on in-depth study.
The reminder of the paper is organized as follows. In Section 2, some properties of Bézier curve are reviewed. In Section 3, the algorithm of designing a rational Bézier developable surface pencil through a given Bézier curve as its common geodesic is presented and the formulae of its control points are derived. The algorithm is executed by programming and some examples are illustrated in Section 4. Finally, this paper is summed up in Section 5.
Preliminaries
Let L degree i m Bézier curves be 
The correctness of Eq. (1) 
. According to the theorem about geodesics in differential geometry [22] , the expression of a developable surface pencil
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A rational Bézier developable surface pencil through a spatial curve as its common geodesic
This section will design a rational Bézier developable surface pencil through a given curve as a common geodesic, present the formulae to evaluate the control points and discuss the degree of the derived rational Bézier developable surface. 
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Here the weights are calculated by Eq. (13) and the control points are 1 2 , (7), (8), (11) and (14).
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Examples by program
According to the algorithm presented in Section 3, Section 4. (7), (8), (11), (14), (16) and (13) . Fig.2 illustrates the impact of the selection of free variables i a and j  to the shape of this rational Bézier 
where the control points 3 , ,
are calculated by Eq.-s (7), (8), (11), (14), (16) represented by Eq.-s (9) and (15) is the type of cylinder.
Conclusion
In this paper, we presented the expression of a rational Bézier developable surface pencil with a common geodesic and discussed the degree of the pencil for interpolating a planar or spatial Bézier curve as a common geodesic. Besides, the formulae to calculate the control points of the pencil are given. Our work proposes an effective algorithm for the representation of a complicated geometric model in industrial applications which need to satisfy two geodesic and developable constrains.
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